Dilemmas arise concerning how to design studies aimed at preventing or slowing Huntington's disease (HD) in mutation-positive presymptomatic individuals. HD is an autosomal-dominant neurodegenerative disease. Each child of an HD gene expansion carrier (HDGEC) has a 50% chance of inheriting the mutation, but the clinical symptoms typically only appear in middle age. In the absence of clinical symptoms or having obtained predictive genetic testing, such a person is considered at risk for HD. Although genotyping for the HD mutation approaches 100% accuracy, 1 the decision to undergo predictive genetic testing for a debilitating, stigmatized, and ultimately fatal disease is highly personal. 2 Predictive testing rates in HD are <20% in Europe 3 and only 5%-7% in the United States.
We now know that the underlying neurodegeneration starts at least a decade before clinically overt symptoms appear, 4, 5 with the implication that it may be too late to modify the disease once signs and symptoms are apparent. Several potential HD therapeutics are now reaching clinical development, 6 raising ethical questions of whether clinical trials should include atrisk individuals who choose not to undergo testing. Within this context, there is an important distinction in the way that the genetic status of an individual is identified. Whereas "predictive testing" is a personalized feedback process initiated by a person who wants to know if he or she carries the HD gene expansion, 2 "research genotyping" is only done for the purposes of a study; results are not disclosed and are usually only made accessible in the form of aggregate, anonymized databases.
Here we examine 3 possible trial designs for interventions in premanifest HD using the 4 basic ethical principles (autonomy, beneficence, nonmaleficence, and justice).
7,8

Possible Trial Designs
Three possible trial designs exist: transparent, concealed-sorted, and concealed-unsorted (Fig. 1) . For each, the results of research genotyping done in the context of the trial are not disclosed to the participants, even to those who choose to have predictive testing.
We define transparent trials as those in which only individuals who are known beforehand to be HDGECs can participate. Under this model, standard randomized, controlled trials can be conducted, with known HDGECs randomized to receive either experimental treatment or placebo. By contrast, trials with concealed enrollment (sorted or unsorted) allow for the participation of both known HDGECs and interested at-risk individuals who are genotyped for the study but not informed of their genetic status and may or may not be mutation-positive. The concealed studies would thus enroll: (1) HDGECs who know their genetic status, (2) HDGECs who choose not to know their genetic status, and (3) non-HDGECs who choose not to know their genetic status. In concealed-sorted designs there are 3 arms -non-HDGECs can only be assigned to placebo/sham treatment. By contrast, the concealed-unsorted design allows all participants (HDGECs and non-HDGECs) to be randomized to receive either treatment or placebo. Unsorted designs are only possible when the safety of the test treatment is well established and does not pose undue risk to the non-HDGECs who are healthy, not at-risk individuals.
Concealed designs allow for placebo comparisons. However, non-HDGECs would be long-term study participants experiencing study burden (eg, risks of trial procedures) Although non-HDGECs will contribute to the safety data, their outcomes will never meaningfully contribute to the understanding of efficacy. The non-HDGEC contribution to the understanding of safety is also limited because in the sorted design non-HDGECs are only exposed to placebo, and unsorted studies can only be conducted when the safety of test treatment is already well established. As autonomous individuals, participants can choose this path. They are helping to advance science, but the informed consent should disclose that they will be research-genotyped and that those who are HDGECs would be randomized to receive the experimental treatment or placebo, whereas those who are nonHDGECs would all receive placebo with the risks associated, including the possibility of nocebo effects.
Ethical Analysis of Trial Designs Autonomy
Participants must be free to choose if they want to be tested and/or know their genetic status.
2,9,10 Transparent trials only enroll participants who know they are HDGECs because of prior predictive testing. The inclusion/exclusion criteria establish the conditions of trial participation. The requirement for a confirmed genetic diagnosis is not different from that in standard clinical trials, in which the inclusion criteria explicitly list constraints to enrollment (eg, trials may require a change/discontinuation of medications). However, because these criteria are made public, it could be argued that the existence of a trial itself could constitute undue influence, attracting patients who want the possibility of taking a new experimental treatment. These individuals may want to avoid predictive testing but participate in a clinical trial. At-risk individuals could believe they will miss a therapeutic opportunity if they do not undergo predictive testing to meet eligibility criteria. They may thus have a "therapeutic misconception," believing that they can individually benefit from the trial, rather than having a main goal of contributing to scientific knowledge. 11 Participants may also wish to enter the trial to please the investigator, who may be a patient's physician as well. The relationship between "asymptomatic" premanifest participants and researchers is very different from doctor-patient relationships in a therapeutic situation, but can blur, especially because the premanifest phase evolves with the progression of disease. Even without genetic testing, the accumulation of clinical symptoms will become obvious to the physician (and participant), changing the doctor-participant relationship. Participants may thus think they are receiving direct therapeutic benefit from the trial when they are not.
In amyotrophic lateral sclerosis, the phrasing of informed consent affects perceptions of the existence of personal benefit and willingness to participate in clinical trials. 11 Accurately conveying the trial aims requires careful education that can reduce therapeutic misconception among potential participants, and help to reduce some of these tensions. We argue that the risk of therapeutic misconception is outweighed by a properly executed informed consent process that emphasizes that the individual benefit in trials is unknown. Nevertheless, we acknowledge that our argument depends on the effectiveness of informed consent, which has recognized weaknesses. 12 The informed consent process should emphasize and clearly convey that a clinical trial is not a form of personal medical therapy.
Concealed-sorted designs (like concealed-unsorted designs) respect autonomy because they give both HDGECs and non-HDGECs a choice, but can strain researchers who must withhold the information from individuals who wish to remain unaware of their genetic results. Such concealment of information might be difficult if the medication has distinctive side effects that reveal intervention assignment (and the possibilities of side effects revealing this assignment should be disclosed as part of the informed consent), thus indirectly disclosing the participants' genetic status.
Beneficence/Nonmaleficence
Clinical research can benefit participants, providing helpful knowledge, but can also cause unintended harms. Transparent, but not concealed, enrollment might induce increases in predictive testing because to enroll in a study, HD family members might decide to undergo testing when they otherwise would not do so -introducing possible risks. Evidence suggests that predictive testing for personal reasons (properly done with genetic counseling and sufficient time and steps for individuals to change their mind 2,9,10 is not associated with negative psychological consequences (eg, suicidality) 13, 14 and can even enhance relationships. 15, 16 However, no empirical data exist regarding the impact of predictive testing when the motive is to participate in research; studies should explore this question.
Concealed enrollment designs can cause several potential harms that are absent in transparent enrollment. Non-HDGEC participants will be exposed to trial risks, including potential side effects of the active intervention in the unsorted design. The concealedunsorted design (in which non-HDGECs receive active treatment) is only acceptable if the risks of such treatment are minimal and well established. Studies that meet these criteria will presumably be few. Hence, this design is only feasible when the test product is, for instance, a food supplement or exercise practice. The PRECREST trial was only able to include a mixed population (HDGECs and at-risk individuals with an affected first-degree relative) because research ethics committees considered the expected toxicities from creatine "modest and reversible." 17 Unlike creatine, most disease-modifying therapeutics now entering clinical development for HD may pose not fully understood risks (such as those inherent in the suppression of htt) or use invasive delivery techniques. These limitations exclude these therapeutics from both unsorted and sorted designs because intrathecal sham procedures carry considerable burden.
There is also a possibility that an at-risk participant's mutation-positive status will be disclosed during the trial because of error, symptom onset, or a serious adverse event. Such disclosures would occur in the context of crisis management, rather than under the optimized conditions of planned genetic testing. Concealed enrollment also requires a much larger sample size, raising trial costs, and is unlikely to be offset by faster recruitment. In general, less costly trials, if they provide equal or better results, as with transparent enrollment, are in patients' best interests.
Justice
Justice concerns might arise if access to studies is imbalanced. 18 Transparent enrollment needs to be conducted in countries with higher rates of predictive testing (eg, Europe). However, clinical development centered in Europe does not necessarily violate principles of justice. Therapeutic interventions, if proven efficacious and safe, will presumably be approvable by all regulatory authorities (eg, the Food and Drug Administration) and with the right provisos become licensed. However, the asymmetry in clinical trial activity goes far beyond the specialized topic of predictive testing. Transparent enrollment is more likely to occur in countries with more clinical trials and thus is unlikely to alter this existing asymmetry in clinical trial access.
Logistical Considerations
Compared with a transparent enrollment design, the main advantages of both types of concealed enrollment are: (1) wide engagement of affected communities; (2) potentially faster recruitment, given the larger population base; and (3) extension of indirect benefits of research participation to the at-risk population. Key disadvantages of concealed versus transparent enrollment include the complexity of design and data interpretation. Concealed designs also require more participants than a transparent design for adequate study powering. The final sample size will be a result of the ratio between HDGECs and non-HDGEC at the enrollment screening. Because non-HDGECs outnumber HDGECs, enrollment must be drawn from a preexisting registry with enrollment of non-HDGEC limited to a preset number. One could expect the number of non-HDGECs in concealed-sorted designs to equal the other 2 HDGEC groups (equating to a 33% trial size increase). However, the trial will never be able to accept all comers if the proportion of nonHDGECs in the initial population is too high -thus detracting from the argument of higher inclusivity.
E T H I C S O F T E S T I N G I N H D T R I A L S
Feasibility
HD research studies have successfully recruited large cohorts of premanifest participants with a prerequisite of predictive testing (PREDICT, 5 TRACK, 4 and PRE-QUEL 19 . To further evaluate the potential of transparent enrollment, we examined published US and European HD prevalence figures 20 and the census population numbers to estimate the number of potential participants. We estimate (see Table 1 ) that at the current rates of uptake of predictive testing, approximately 30,499-52,284 tested HDGECs reside in potential North American and European study populations. Putative transparent design trials with samples of 1000-2000, which are in the range of published predictions, will need to enroll only 3%-5% of these individuals to provide sufficient participant numbers to evaluate efficacy and safety, without the risks of unintended genetic disclosure. Given the current HD clinical experience, 21 this recruitment yield seems feasible.
Disease prevalence is a crucial factor in our analyses. In a similar ethical analysis, regarding familial Alzheimer's disease (FAD), Kim et al argued that transparent enrollment does not unfairly exploit vulnerable participants or limit generalizability of scientific findings of prevention trials. 21 However, because FAD is very rare, they also suggested that if a community's preferences might affect the rigor or feasibility of a prevention trial using transparent enrollment, for scientific validity, the investigators may be required to use blinded enrollment. 22 Indeed, in 1 ongoing trial, an extended family at risk for FAD opted to remain unaware of its genetic status. 23 Although we agree that social and cultural circumstances might alter the ethical calculus, we performed our analyses regarding HD, which, although considered rare (10/100,000 in whites), is more prevalent than FAD (rare clusters). HD clinical trials do not need to be conducted in high-prevalence clusters that might not be generalizable to the wider population.
Conclusions
In summary, transparent enrollment appears to be the most ethically and methodologically appropriate design and should be adopted as the preferred approach for premanifest HD studies. Future research should evaluate patients' and professionals' views and further probe the feasibility of transparent enrollment in different cultural settings. Ultimately, clear guidelines should be developed for such clinical trials. HDGECs, Huntington's disease gene expansion carriers.
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